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.1 Morphology and elemental mapping of typical composite inclusions with different Ce contents
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Table 1 Different steel grades adopt different dosage rare earth modifications
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Fig.6 Evolution of inclusions during solidification with different Ce contents'*”!
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Table 4 Physical parameters of capillary force of inclusions in pure iron
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Application and mechanism research of rare earth modified
inclusions in steel

YANG Ximing', REN Lei'*, LIU Yubao®
(1. School of Rare Earth Industry ( School of Rare Earth Engineering and Technology) ,
Inner Mongolia University of Science and Technology, Baotou 014010, China;
2. State Key Laboratory of Baiyunobo Rare Earth Resource Researches and Comprehensive Utilization,

Baotou Research Institute of Rare Earths, Baotou 014030, China)

Abstract: Inclusions are inevitable during the steel smelting process, mainly consisting of oxides,
sulfides, nitrides and composite. These inclusions have significant physical property differences from the
steel matrix, leading to discontinuities in the microstructure and physical properties of the steel, thereby
affecting the performance and service life of the steel. Rare earth elements, as modifiers, have shown
excellent performance in improving the properties of inclusions, mainly through microalloying, inclusion
modification, and improvement of the steel solidification structure to optimize performances of steel. The
paper focuses on the modification effects of rare earth elements (RE) on inclusions during steel smelting
and their impact on steel performance, systematically summarizes the phenomena, patterns, mechanisms
of rare earth-modified inclusions, and their effects on steel properties, analyzes the effects of different
rare earth elements (such as Ce, La, Y) on inclusions and structures in steel, discusses the effects of
rare earth complex addition and modification of inclusions in conjunction with heat treatment processes,
and covers thermodynamic calculations and kinetic analyses of inclusion modification mechanisms.
Thermodynamic calculations can predict the formation order and existence form of rare earth inclusions,
optimize reaction conditions, and determine the optimal addition amount of rare earth elements. Kinetic
analysis shows that rare earth inclusions are prone to collision, agglomeration, and growth during the
molten steel temperature and cooling process, floating and removing, which helps to reduce the content of
inclusions in the molten steel. The modification of inclusions by rare earth elements can significantly
improve the performance of steel, increase the production efficiency of steel, and is of great significance
for promoting the sustainable development of the steel industry.

Keywords: steel; inclusions; rare earth elements; modification; thermodynamics; kinetics; microallo-
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